FiGURE 1 | The health system building blocks as a conceptual framework for public health disaster risk management.
for ensuring effective DRR in the health sector (20) . The World Health Assembly, through resolution 64.10, urged countries to strengthen disaster risk management (DRM) programs by incorporating them into national health systems (21) . The 2008 Ouagadougou declaration on Primary Health Care and the African Regional strategy for DRM in the health sector also advocated for the use of strong health systems as the basis for addressing the health vulnerabilities and inequalities, which are associated with disasters in Africa (22, 23) .
The foregoing and available literatures (2, 24) make a strong case for the use of resilient health systems as a conceptual framework for public health DRM in Africa. Calls for the use of resilient health system as the basis for public health DRM have intensified lately (25) ; however, there is paucity of practical guidance, requisite tools, and skills for integration of DRM into longer-term health system programs in public health settings in Africa (26) . This often results in parallel implementation of health systems strengthening and public health DRM programs within Ministries of Health and between their Disaster Management counterparts with duplication of efforts and lack of synergy. This article reflects on the nexus between the health system framework and DRM and provides insights into how a resilient health system could be used as a framework to strengthen public health DRM in Africa.
THE HEALTH SYSTEM FRAMEWORK AnD DRM
The health system consist of "all organizations, people and actions whose primary intent is to promote, restore, or maintain health" (27) , while DRM is defined as the use of administrative and operational procedures to implement interventions aimed at reducing the adverse impact of disaster hazards (28) . The health system encompasses all direct health-improving activities implemented either at home, in the community, and the formal health sector level and the social determinants of health, which are the conditions under which people are born, live, and grow. The health system framework comprises six building blocks namely health service delivery, health workforce, health information management system, medical products including vaccines and technologies, health financing, and health leadership and governance (Figure 1) . A resilient health system is one which is able to effectively prepare for, withstand the stress of, and respond to the public health consequences of disasters (29) . Resilient health systems are able to protect themselves and human lives from the public health impact of disasters and are critical to achieving good health outcomes before, during, and after disasters (26). Kruk et al. defined five elements of resilient health systems (29) . Resilient health systems should be aware of the strengths and vulnerability of its building blocks and the spectrum of hazards and risks to which it is exposed. They should be able to respond to a wide range of public health issues before or during a disaster. Health systems should be able to quickly and effectively adapt to changing situations and should use integrated approaches for responding to public health events such as disasters. Last, a resilient health system should be able to regulate itself. These elements provide a good basis for strengthening and using health system for public health DRM.
RESiLiEnT HEALTH SYSTEMS, COMMUniTiES, AnD SOCiAL DETERMinAnTS OF HEALTH AS BASiS FOR pUBLiC HEALTH DRM
Lessons from the West African Ebola outbreak and Hurricanes Katrina and Haiyan show how an emergency situation can deteriorate into a disaster in the face of a weak health system (4, 16, 17) . Conversely, resilient health systems could reduce vulnerability to the public health consequences of disasters (4) . In the aftermath of a disaster, strong supply chain systems for essential medicines, safe health facilities, and adequate numbers of welltrained health workers would ensure the provision of uninterrupted basic health-care services to disaster affected populations. Functional health information management systems would provide the information required for timely detection and response to presence of biological hazards such as cholera, typhoid fever, watery diarrhea, measles, etc., which often occurs as aftermaths of disasters. Adequate financing of emergency health service programs and strong health governance and oversight systems would ensure that human, financial, and logistics resources are available and utilized to implement well-coordinated DRM strategies to mitigate the public health consequences of the disaster. Good service delivery and coverage of key public health interventions such as immunization, insecticide-treated bed nets, clean water, and improved sanitation would prevent disease outbreaks among disaster-affected populations. These would contribute to good public health outcomes during a disaster.
In practical terms, effective measures to address the public health consequences of droughts such as good immunization coverage, adequate nutrition, and health services delivery including clinical management of severe acute malnutrition, ongoing surveillance of nutrition indicators, and effective risk communication about malnutrition would ensure that such situations do not deteriorate into famines (24) . Similarly, safe and well-sited health facilities, good health sector disaster mitigation, contingency and business continuity planning, adequate essential medicines, and supplies for trauma care, and well-trained health staff would ensure that the consequences of earthquakes do not result in major public health disasters (24) .
Practical application of resilient health systems as a framework for strengthening public health DRM is, therefore, an imperative in Africa. This requires the strengthening and use of the six health system building blocks as elements in the implementation of public health DRR, preparedness, response and post-disaster recovery interventions at the individual, community, and formal health sector levels ( Table 1) . Apart from weak health systems, poor status of the social determinants such as poverty, lack of good housing, inadequate access to good nutrition, clean water, improved sanitation, education, and social protection could reduce individual and community resilience and increase the risk of disasters (Figure 1) (2, 30) . Thus optimal social determinants of health and resilient communities are also required for mitigating the public health risks and impacts of disasters (2, 31) .
COnCLUSiOn
The foregoing points to weak health system as a key factor, which determines public health disaster risk in Africa and similar settings. Public health DRM programs on the continent should, therefore, place resilient health systems at their core. This calls for use of innovative solutions, which are adapted to the African context to build the resilience of health systems and communities. This could be achieved through the use of the five elements proposed by Kruk et al. namely awareness, diversity, self-regulation, integration, and adaptability (29) . In addition, the social determinants would also need to be strengthened as basis for reinforcing public health DRM in Africa. Furthermore, African health systems should be protected from the adverse impact of disasters in order to preserve the gains made during the millennium development goal era and contribute to the attainment of global and regional development goals such as the SDG and Africa's Agenda 2063. These requires a number of actions.
First, African countries should regularly conduct independent assessments of the resilience of their health systems vis-à-vis their capacity for DRM by conducting health vulnerability and risk assessments as part of joint external evaluation of the International Health Regulations core capacities. Second, the countries should develop and implement practical policies, strategies, and guidelines to strengthen health system and community resilience. Integration of DRM strategies into long-term health systems development programs should also be institutionalized.
Similarly, health system strengthening strategies should be mainstreamed into public health DRM programs. Third, individual and institutional capacity building to improve the skills and knowledge base for health system resilience building and public health DRM should be scaled up on the continent. Furthermore, guidelines and tools for practical application of resilient health system building blocks as elements in the implementation of public health DRM programs are required. Fourth, the use of multisectoral and multi-disciplinary approach to ensure that the issues of community resilience and social determinants are jointly addressed as part of holistic public health DRM programs is also an imperative. Fifth, operational researches to identify novel mechanisms for applying the health system framework to public health DRM should be intensified. Such researches should also examine the disparities between the health systems in developed and developing countries and whether these translate to real differences in public health outcomes during disasters. Importantly, these actions should be implemented as comprehensive packages, which are integrated into SFDRR and SDGs domestication programs and national health sector policies and strategic plans to ensure coherence, synergy, and sustainability.
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